(1.5 mmol, 299 mg in 20 mL of dry dichloromethane was added dropwise. The ice bath was removed and the reaction mixture was allowed to reach the room temperature and stirred overnight. After that time, the reaction mixture was washed with aqueous 0.1M HCl solution (3  25 mL), aqueous saturated NaHCO 3 (3  25 mL), and water (3  25 mL). The organic layer was dried over Mg SO 4 and the solvent was evaporated under reduced pressure. The crude reaction product was purified by flash column chromatography (silicagel, CH 2 Cl 2 /MeOH 90/10) and isolated as a colorless oil. Yield: 78% (0.78 mmol, 296 mg). 1 Step 2: Synthesis of Ad-EG-NH 2 
(4)
Ad-EG-N 3 (3) (0.1 mmol, 38 mg) was dissolved in 20 mL of methanol, and Pd/C (0.01 eq, 0.01 mmol, 10 mg of 10% Pd/C) was added. Nitrogen was bubbled through the solution for 5 min, and then the reaction mixture was stirred at room temperature under H 2 (ambient pressure) for 30 min (monitored by TLC and IR spectroscopy -the disappearance of the characteristic azide peak at 2098 cm -1 -to assess the complete consumption of the starting material). The reaction mixture was filtered over a Celite pad, and the solvent was evaporated to afford the Ad-EG-NH 2 as a colorless oil, in (nearly) quantitative yield (> 95%, 0.1 mmol, 35 mg). The product was used in the next step without further purification. 1 Step 3: Synthesis of Ad-EG-NCS 9 (5)
A solution of Ad-EG-NH 2 (4) (30 mg, 0.085 mmol) in 5 mL of dichloromethane was prepared in a 25 mL round-bottomed flask equipped with a stir bar. The solution was then cooled to 0 °C with an external ice/brine bath. Saturated aqueous NaHCO 3 (5 mL) was added, and the biphasic mixture stirred vigorously (~500 rpm) for 5 min. The stirring was stopped, and thiophosgene (10 eq., 65L) was added via syringe to the organic layer. The flask was sealed with a rubber septum, and immediately, vigorous stirring was restored, the reaction was removed from the ice bath, and allowed to stir for 30 min at room temperature.
The layers were separated and the aqueous layer was extracted with CH 2 Cl 2 (2  2 mL). The combined organics were dried over Na 2 SO 4 , filtered, and concentrated in vacuo to afford the crude isothiocyanate as a yellow oil. The isothiocyanate was used immediately in the subsequent step without any further purification. (32 mg, 0.08 mmol, 94%). ESI-TOF Calculated for C 20 Step 4: Synthesis of G0-PAMAM-(EG-Ad) 4 
(6)
A solution of Ad-EG-NCS (5) (24 mg, 0.06 mmol, 4.5 eq) in 5 mL of dry CHCl 3 was added to a solution of the amino-terminated G0-PAMAM dendrimer 1 (6.9 mg, 0.0133 mmol, 1eq) in 5 mL of dry CHCl 3 . The reaction mixture was stirred at room temperature for 48 h; after that time, the solvent was evaporated to afford the G0-PAMAM-EG-(Ad) 4 
Preparation of Supramolecular Tunneling Junctions
Formation of the SAMs: Ultra flat substrates of thin gold metal films supported by a polymer coated glass slide were obtained by peeling of an evaporated gold film from a Si/SiO 2 template (the 'mechanical template-stripping' procedure (TS)) as previously described. The βCD SAMs were prepared by immersing freshly cleaved ultra-flat gold substrates into a 0.1-1mM solution of βCD adsorbate (Fig. 1A) dissolved in ethanol for 16 h at 60°C. The substrates were removed and placed immediately in a vial of ethanol at 60°C for one to two minutes to avoid precipitation of the heptathioether-functionalized βCD.
Subsequently, the substrates were rinsed with ethanol (room temperature) and MilliQ water, and then dried under a stream of dry nitrogen. As previously published, 1-3, 10 electrochemical impedance spectroscopy was used to characterize control βCD SAMs and yielded similar results.
Adsorption of the Dendrimer:
We formed monolayers of the dendrimers on the βCD hostsurface by following previously reported procedures by immersing the βCD SAMs on Au TS in acidic (pH = 2) aqueous solutions of the dendrimers with a concentration of the end groups of 2.0 mM in the presence of 2.1 mM of native βCD for at least 1 h (Fig. 1H, I ). 8, 11, 12 Subsequently the samples were rinsed with MilliQ water and dried under a stream of dry nitrogen. The assembly processes was followed with control samples by surface plasmon resonance (SPR) spectroscopy and the monolayers were characterized with cyclic voltammetry. The results were comparable to previously reported data. 
J(V) measurements of Supramolecular Tunneling Junctions
For all J(V) measurements we selected junctions that had their electrical characteristics within one log-standard deviation from the log-mean of the current density at V and +2.0V) (Fig. S3E) . As shown, all supramolecular junctions displayed a similar increase in R for the applied voltage pulse and the value of R seems to increase exponentially as a function of V pulse (Fig. S3) . In some of the duplicate measurements there was a sharp uncharacteristic decrease in R with an increase in t, i.e., in (Fig. 2B and D) , were performed as follows. First, four J(V) scans were recorded over a voltage range of ±2.0 V. We used scan number four to calculate the initial value of R which we defined for this experiment as the starting values. A voltage pulse was then applied at +2.0 V (Fig. 2B) , or -2.0 V (Fig. 2D) , for a period of 900 s and |J| was measured at intervals of 0.10 s. An additional five |J|(V) scans were then performed ±2.0 V and R was determined for each individual scan, and averaged to give the arithmetic mean of R. To test if the changes in the J(V) characteristics were reversible (Fig. 3C ), we applied across one junction of Au TS -CDSAM//G0-PPI-(Fc) 4 //Ga 2 O 3 /EGaIn a V pulse = +2.0 V for t = 600 s followed by a V pulse = -2.0 V t = 1200 s and performed comparison J(V) characteristic measurements ±2.0 V as described above. For the stability measurements (Fig. 3D ), we applied across one junction of Au TS -CDSAM//G0-PPI-(Fc) 4 (Fig. S4, ■) . This was followed by a V pulse = +2.5 V of t = 300 s, after which five more J(V) scans were recorded over a range of voltages of ± 2.0 V (Fig. S4, •) In a similar manner to all other tunneling junctions which had a V pulse applied, after the V pulse , the |J|(V) scan displayed larger values of |J| at -2.0 V, and smaller values of |J| at + 2.0 V than before V pulse . In other words, the rectification ratio increased (Fig. 3B) . Therefore, after changing the dendrimer core, the number of interactions of the dendrimers with the host surface, and the surface coverage of the dendrimers with the host surface, an increase in the value of R is still observed after applying a V pulse . These results indicate that the increase of the value of R is independent of the chemical and supramolecular structure of the SAMs in the tunneling junctions. 
J(V) Characteristics of Oxidized Ga 2 O 3 /EGaIn tips
Due to the liquid nature of the Ga 2 O 3 /EGaIn top-electrode, two methods were used to oxidize the tip and to minimize mechanical stress and vibrations to ensure the oxide layer remains undamaged during the handling and measurements. In one method the Ga 2 O 3 /EGaIn tip was oxidized whilst suspended in air using the same electrometer as was (Fig. 5A, B) whilst the electrochemically oxidized tip gave an R value of 2.2 × 10 2 at ±1.5 V (Fig. S5 ). 
Kelvin Probe Microscopy
The work function of bulk EGaIn is measured by Scanning Kelvin Probe Microscopy on a Park XE-100 AFM system. The AFM is working on amplitude-modulated non-contact mode with the phase signal used as the feedback. To get the surface potential signal (work function), an external lock-in amplifier is connected to the XE-100 system. During the measurements, an AC bias of frequency ω (V AC sinωt) is applied to the conductive AFM tip, in addition to the DC voltage (V DC ) from the DC bias feedback control loop. The resulting electrostatic force between the tip and the sample, which is separated by external lock-in, can be calculated as
in which C, d, V S are equivalent capacitance, tip-to-surface distance and surface potential respectively. By zeroing the electrostatic force using the DC bias feedback loop, V S can be acquired locally on a raster scanning fashion.
Photoelectron Spectroscopy X-ray photoelectron spectroscopy (XPS) surface mapping of SAMs: We formed a junction of the form Au TS-CDSAM//Ga 2 O 3 /EGaIn with a cone-shaped tip of Ga 2 O 3 /EGaIn as described above and subsequently applied a V pulse of +2.5 V for t = 900 s. Upon completion of the V pulse , the junction was dissembled by lifting the cone-shaped Ga 2 O 3 /EGaIn electrode, exposing the CD SAM that had previously been embedded in the Au TS -CDSAM//Ga 2 O 3 /EGaIn junction. The XPS mapping experiments were carried out on areas where the CD SAM had been biased and were compared to areas that had not been biased. The XPS mapping of the C 1s and S 2p signals were performed using a Physical Electronics Quantera Scanning X-ray Microprobe instrument, equipped with a monochromatic X-ray source (Al K 1486.6 eV, 25 W with a beam size of 100m), at ~ 5 e -8 torr and a detector angle of 45°. The C 1s peak at 284.8 eV was taken as the reference.
X-ray and Ultra-violet photoelectron spectroscopy (XPS and UPS): Two samples were prepared by placing large drops (with a surface area of ~1cm 2 ) of fresh Ga 2 O 3 /EGaIn on Au TS . One sample was used directly to give 'native EGaIn', whilst 50 V was applied to the other sample for 4h in air using the electrometer to give 'oxidized EGaIn' The photoelectron spectroscopy measurements were carried out using A1 K α x-ray radiation (hν = 1486.6eV) under ultra-high vacuum(UHV) conditions (base pressure 5×10 -10 mbar) at room temperature using VG ESCALAB 220I-XL. Through calibration with Ni foil, all the spectra were normalized by the photon current. The work function was measured using 21.2 eV photon energy with a 5.0 V bias applied to the sample to overcome the work function of analyzer. The XPS data (Ga 3d spectra, Fig. 5 and Ga 2p spectra, Fig. S6 ) were fitted using a Shirley background and mixed Gaussian-Lorentzian functions following previously described procedures. 13 Quantitative analysis of the thickness of the gallium oxide was estimated from the fits to the spectra (using the Ga 3d spectra, Fig. 5 ) and based on the known thickness of the gallium oxide layer for the native EGaIn (~0.7 nm) following a previously described procedure (see below). Table S1 shows the comparison of the atomic percentages of the Ga metal (G 0 (2p/3d)) and the Ga oxide/suboxide (Ga 3+ + Ga + (2p/3d) for both the native and oxidized EGaIn samples.
The relative ratio of the oxide and metal signal intensities are consistent with the ratio of the Ga 3d photoelectron spectra.
To calculate the thickness of the oxide layer ( we adapted previous published ) methods. [14] [15] [16] [17] [18] The thin film thickness was calculated from [14] [15] [16] (1)
where θis the take-off angle, which was 90° in this measurement and I ox /I metal is ratio of the intensities of the oxide and metal signal, which can be calculated from the area under the peaks of the Ga 2 O 3 and the Ga metal in the fitted XPS spectra. is the electron's inelastic mean free path (IMFP) in the oxide layer, which can be obtained from 17, 18 (2) = /[ The fitting procedure of the ellipsometry data for the native EGaIn oxide layer is based on the library model of ITO (refractive index n = 2.32, extinction coefficient k = 0.17 at 800 nm) and the known thickness of the native EGaIn oxide layer (0.7 nm). This = gives the experimental refractive index for the native EGaIn oxide layer (n = 2.43, k = 7.08 at 800 nm), which in turn allows for the fitting of the oxidized EGaIn data. The raw = data and the fitted data are plotted in Figure S8 . Compared to the reported refractive index for the bulk gallium oxide (where n is around 1.9), 19, 20 our refractive index is slightly higher, which may be due to the underlying liquid metal layer. From this measurement the oxide layer thickness of the native and oxidized EGaIn was found to be 0.2 nm and 2.3 nm, respectively. (Table S2 ). This gives an increase in the thickness of the oxide layer of 2.1 nm after oxidation. 
